Combined with strong tracking filter (STF) 
Introduction
Satellite attitude determination system is an important subsystem of the satellite attitude control system (ACS). Its accuracy directly affects the attitude control precision of the satellite. As the satellite attitude determination system is a nonlinear model, to derive excellent results, the nonlinear filter methods are needed. Among many nonlinear filters, Extended Kalman filter (EKF) is simple and easy to implement. So it is widely used in dealing with non-linear estimation problem. But EKF is a rough approach for approximating nonlinear system for linear ones, and the higher order terms are neglected. Therefore, it fails to deal with highly complicated nonlinear system. In addition, Jacobian calculations are cumbersome and time-consuming [1] [2] [3] .
To solve these problems, Julier and J. K first proposed the Unscented Kalman Filter (UKF). The UKF is based on the fact that it is easier to approximate a probability distribution than it is to approximate an arbitrary nonlinear function or transformation, and it uses a deterministic sampling approach to capture the mean and covariance estimates with a minimal set of sample points. Due to better covariance proper ties and simplicity of filter design, the UKF is preferred over the EKF [4] [5] . However, the rounding errors of numerical calculation for UKF may destroy the non-negative and asymmetry of covariance matrix, therefore, the convergence rate of algorithm is slowed and the stability of system may be also destroyed. To address these advantages, Square-Root UKF filter is proposed in [6] [7] [8] . Compared with the standard UKF, it guarantees the error covariance matrix positive semi-definiteness and improves the computational efficiency and numerical stability by introducing QR decomposition and Cholesyk decomposition to update the error covariance matrix, and it is successfully applied to the satellite attitude estimation in [9] .
Satellite Attitude Determination System

Satellite Attitude Description
The satellite attitude can be represented by the quaternion defined as [13] [14] . (2) The quaternion equation of satellite motion is given by:
where  is the angular velocity vector and 
In the absence of angular velocity measured by gyro, the satellite attitude dynamics equation is given by:
is the white Gaussian noise.
Measurement System Model
The bi-Vector method is to use the projection of gravity vector measured by the accelerometer and magnetic field vector measured by the magneto resistive sensors which is fixed on the body frame to calculate the satellite attitude. As derived in [15] , the Euler angles can be calculated as: 
where
 has been normalized, and v is the white Gaussian noise.
STSRUKF-Based Satellite Attitude Determination Algorithm
UKF Algorithm
The satellite attitude determination system consists of formula (5) and (7) is discredited by fourth-order Ronge-Kutta method, and the discrete-time system can be described as:
represents the observed signal, k w is a process Gaussian
International Journal of Future Generation Communication and Networking Vol. 7, No.3 (2014) noise with the variance matrix defined as k Q , and k v is a measurement Gaussian noise vector with the variance matrix defined as k R . The UKF based satellite attitude determination algorithm is described as following [16] [17] [18] , and in the process of calculation, the scalar 03 q should be normalized by equation (9) 
2) Calculating the sigma points
3) Time updating
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The scalar weights of sigma points are selected as:
(1 )
where n is the state dimension, and  ,  ,  are the adjustable parameters of filter, of which  and  are sufficient small scalars.
STUKF Algorithm
If the considered system model is accurate, excellent results can be obtained using UKF. But the environment of satellite operation is complex, which leads to the uncertainty of satellite model, and the noise statistics are also time-varying in satellite ACS. So the estimation accuracy using UKF decreases and even it fails [19] . However, good estimation accuracy, robustness and mutation status tracking ability can be obtained by STUKF even if the model is uncertain and the system is disturbance-driven.
The difference between STUKF and UKF is that the error covariance matrix can be adjusted by introduced adaptive fading factor k  .As formula (26)
The adaptive fading factor calculation is given as follow:
1 ,
where l is a softening factor,  is a forgetting factor, 1
is a multiple adaptive fading factor. Multiple adaptive fading factors are more effective than a single adaptive fading factor [20] . According to the above description, Jacobian matrix needs to be calculated in the process of adaptive fading factor calculation, while Jacobian matrix calculation is very complicated and difficult. According to studying equivalence description of STF, a method of adaptive fading factor calculation without calculating Jacobian matrix is given in this paper.
It is assumed that, before the introduction of adaptive assumed fading factor, the state prediction error covariance matrix 1| 
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Because of are orthogonal, the formula (35) can be written as follow:
The formula (34) can be rewritten as follow: are reversible, the formula (36) can be described as follow:
According to the formula (29) and (39), the 1 k N  can be described as follow:
According to the formula (30), (38) and (39), the 1 k M  can be described as follow:
It is can be seen that the advantage of adaptive fading factor calculation through formula (27), (28), (31), (40) and (41) is that it is not required to calculate the Jacobian matrix. The 
STSRUKF algorithm
Though STUKF can get good estimation accuracy, robustness and mutation status tracking capability even if the system is uncertain and disturbed the disadvantage of the non-negative and asymmetry of covariance matrix caused by rounding errors of numerical calculation for UKF is not overcame. However, the problem can be solved by SRUKF instead of UKF. In the SRUKF, the square-root of state error covariance matrix and the square-root of output error covariance matrix are calculated using QR decomposition and Cholesky decomposition. In view of this, the STSRUKF algorithm is concluded as follow, and in the process of calculation, the parameter 03 q should be normalized by equation (9) 
3) Calculating 1| 
4) Recalculating Sigma points using 1|
6) Calculating adaptive fading factor 1
where l is a softening factor and  is a forgetting factor. 7) Calculating
8) Recalculating Sigma points using 1|
9) Calculating ,1
10) Measurement updating 
Simulation Results and Analysis
In order to verify the feasibility and efficient of the satellite attitude determination algorithms proposed in this paper, the SRUKF, STUKF and STSRUKF are applied for satellite ACS. Simulation with the same parameters is implemented on the mat lab R2010a software. The parameters are given as follow:
Original state estimate: From Figures 1-6 , it can be seen that STSRUKF and SRUKF can get better estimation accuracy than STUKF when system is stable. However, if the system is disturbance-driven and the noise statistics changes, SRUKF is more easily to be affected than STUKF and STSRUKF, and the poor estimation precision of attitude and angular velocity is obtained by it. Compared with SRUKF, STUKF can get better estimation precision of attitude and angular velocities, and it is relatively accurate and stable and quickly converge despite that the estimation precision of attitude and angular velocity are poor at the beginning of that system is disturbed and the noise statistics changes. The estimation precision of angular velocities obtained by STSRUKF are also affected at the beginning of that system is disturbed and the noise statistics changes, but they are best relative to the estimation precision obtained by SRUKF and STUKF, and compared with SRUKF and STUKF, the convergence of STSRUKF is the fastest. The estimation precision of attitude obtained by STSRUKF is also best and keeps invariant in the entire process of that system is disturbed and the noise statistics changes. It has the best performance among the three algorithms. 
Conclusions
To address the problem of non-gyro satellite attitude and angular velocity estimation, combined with SRUKF and STF theoretical ideas, an STSRUKF-based is proposed in this paper. The algorithm uses the equivalence description between UKF and KF to calculate
